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(54) Low resistance top emitting ridge VCSEL and method of fabrication 

(57) A high efficiency vertical cavity surface emitting 
laser (30) including first and second mirror stacks (31, 
37) with an active region (32) sandwiched therebetween 
having an optical mode. The second mirror stack (37) is 
formed into a mesa with exposed end surface and hav- 
ing outer sidewalls and a diametric size substantially 
greater tiian the optical mod^ A portion (38) of the sec- 
ond mirror stack (37) adjacent the active region (32) has 
a reduced electrical conductance so as to channel oper- 
ating cun-ent from the second mirror stack (37) into the 
optical mode of ttie active region (32). 
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Description 

Background of the Invention 

Field of the Invention 5 

This invention relates to vertical cavity surface emit- 
ting lasers and more specifically to vertical cavity sur- 
face emitting lasers with a mesa structure and a light 
emission window on the surface of the mesa. 

Prior M 

Vertical cavity surface emitting lasers are well 
known, and are formed in a wide variety of configura- is 
tions. However, the basis for the laser in virtually all con- 
figurations is an active area sandwiched between two 
min-or stacks. The laser is activated by driving an elec- 
trical current through the two minror stacks and the 
active area. This is generally accomplished by placing a 
first electrode across the mtmor stack at one end of the 
laser and a second electrode across the other mirror 
stack at the other end of the laser. One of the electrodes 
generally defines a central opening therethrough for the 
emission of light. 25 
I s T For maximum efficiency and in ofxler to sustain a 

^ruH!>f^--^ gingl& lateral mode, it is necessary that the major por- 
tion of the current be injected into the active region in 
the optical mode o r lasing area, dorent outside the las- 
ing area is generally wasted or piroduces lasing which is so 
wasted. 

To overcome this problem, many devices employ a 
mesa, through which the current is Injected, having a 
size dosely con-esponding to tbe-op iical mode . While 
this reduces wasted current or lasing. it results in an 3s 
Increase in series resistance, reducing efficiency. Also, 
because the area of the top electrode is reduced with 
the reduction in the diameter of the mesa, series resist- 
ance is further inaeased. While tfie size of the mesa is 
reduced, the emission window remains the same, caus- 40 
ing the reduction in the area of the electrode. 

In order to drive the vertical cavity surface emitting 
laser with a conventional cunrent source laser driver to 
GHz, the series resistance of the device must be 
reduced. The specific contact resistance of the top mir- 45 
ror stack and the top electrode depends on the doping 
concentration. However, the doping concentration is 
constrained by the need to minimize the optical loss due 
to free carrier absorptior]. Therefore, optimized doping 
alone can not achieve a series resistance low enough so 
for GHz operation), 

It would be highly advantageous, tfierefbre. to rem- 
edy the foregoing arKi other deficiencies inherent in the 
prbr art. 

Accordingly, it is an object of the present invention 55 
to provkie improvements in vertical cavity surface emit- 
ting lasers. 

Another object of the invention is to provide a verti- 
cal cavity surface emitting laser with a current path 



dosely coordinated with the optica! mode. 

And another object of tiie invention is to provide a 
vertical cavity surface emitting laser with a current path 
dosely coordinated with the optical mode and having 
reduced series resistance. 

SUMMARY OF THE INVENTION 

Briefly, to achieve ttie desired ot)jects of the Instant 
invention in accordance with a prefenred enrixxfiment 
thereof, provided is a high efftoiency vertical cavity sur- 
face emitting laser induding first and second mirror 
stacks with an active region sandwiched therebetween. 
A portion of the second mirror stack adjacent the active 
region has a reduced electrical conductance so as to 
channel operating current from the second minror stack 
into an optical mode of the active region. 

Also provided is a metiiod of fabricating a VCSEL 
v^rherein the portion with reduced electrical condudance 
is produced by etching or oxidizing one or a few mirror 
pairs adjacent the active region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further and more specific objects 
and advantages of tiie instant invention will become 
readily apparent to those skilled in the art from the fbl- 
lowing detailed description of a prefen^ed embodiment 
thereof taken in conjunction with the drawings, in which: 

FIG. 1 is a partial sectional view of a conventional 

vertical cavity surface emitting laser; 

FIG. 2 is a sectional view of an intermediate product 

in the process of fabricating a vertical cavity surface 

emitting laser in accordance with the teachings of 

tiie present invention: and 

FIG. 3 is a sectional view of a vertical cavity surface 

emitting laser constructed in accordance witii tiie 

teachings of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEfOT 

Turning now to tiie drawings in which like reference 
characters indicate corresponding elements tiiroughout^ 
the several views, attention is first directed to Fig jl . 
which illustrates a vertical cavity surface eratting laser 
(VCSEL) generally designated 10. VCSEL 10 indudes 
a first minror stack 1 1 . an active region 1 2 having a first 
dadding layer 13. an active layer 14 (such as quantum 
wells and tiie like) and a second cladding layer 15. and 
a second mirror stack 17. Second minror stad^ 17 is 
etched, or selectively deposited, to form a mesa-like 
structure. An eledrical contact 20 is formed in contact 
witii at least the upper end of second mirror stack 17. 
Electrical contact 20 defines a window 22 for the emis- 
sion of light from VCSEL 10 through second min-or 
stack 17. A second electrical contad 24 is positioned 
over the lower surface of first mirror stack 1 1 . 
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An operating voltage applied across contacts 20 
and 24 produces a current flow through VCSEL 10 
which produces the lasing action as is well known. In 
general, because of the position of electrical contact 20 
on the surface of second minor stack 1 7. cun-ent flows 5 
throughout the mesaHike structure of second min-or 
stack 1 7 ard lasing is supported wherever current flows. 
Since cuaent outside the optical mode is wasted and 
may even interfere wrth proper operation of the VCSEL, 
j)pically. the diametric size of the mesa Is dependent 10 
WonMjrixle of pperat ion of the VCm ^^j^the 
iJiameter closely matchinome piodR of nj^;;;;^^^^ 
manner, cun^ent flow is generally limited to the mode of 
operation. The prolDlem is that series resistance, result- 
ing in part from the reduced size of second mirror stack 

117. is too high to operate VCSEL 10 in GHz. Conveiv 
JjonaHy. in order, tq Sigtaj n_a_^6ingle lateral mode, the i 
size of the m esa is approximately 10 microns. Furtheri 
increasing resistance is the reduced area of contact 20^ 
resulting from the inclusion of emission window 22.' 
These factors aeate a lower limit of the series resist- . " 
ance of a VCSEL having a 10 micron mesa to approxi- 
mjtdx JOO Ohms. In order to drive the VCSEL wi th a 
conventonaL^^ 

. - .gff jgglis ^stance mus t be reduced further. 

Referring to FIG. 2, a vertical cavity surface emitting 
laser 30 (VCSEL) embodying the present invention is 
illustrated. VCSEL 30 includes a first mirror stack 31. an 
jctiyej^gion 32 hav ing a first dadding layer 33. an 
active layer Si'ancra second cladding layer 35, and a 30 
second mirror stack 37. Second mirror stack 37 is 
etched, or selectively deposited, to form a mesa-like 
structure, as described above. However. In the present 
Invention, the series resistance of VCSEL 30 is lowered 
by increasincj the diametrin R\^ef pf cn cond mirror stack 35 
37^ Increasing the diametric size of the mesa-like struc- 
ture greatly reduces resistance, but also allows current 
flow into active region 32 outside the optical mode. To 
control the cun-ent flow into active region 32. the electri- 
cal conductance of a portion 38 adjacent active region 4o 
32 is reduced. 

Portion 38 includes the outer drcumference off one 
or more nroror pairs adjacent active region 32. This is 
preferably accomplished by etching second mirror stack 
37 to form the mesa-like structure, leaving one or more 45 
minor pairs 39 (illustrated in broken lines) unetched. A 
dielectric layer 40 is deposited over the mesa-like struc- 
ture and etched bacK leaving a mask covering the sides 
and top siFface thereof. The Remaining one or more 
minor pairs 39 are then etched, preferably using an RIE so 
or wet etch, well known in the art This leaves portion 38 
at the base of the mesa-like structure uncovered with 
dielectric layer 40. and susceptible to etching or oxida- 
tion. 

Second mirror stack 37 is formed predominantly of 55 
alternating low and high aluminum containing layers 
37a and 37b of AIGaAs distributed Bragg reflectors. 
Alternating layer 37a and 37b provide alternating high 
and low indexes of refraction. In this specific embodi- 



ment, alternating layers 37a and 37b of low and high 
aluminum containing AIGaAs adjacent active region 32 
are selectively oxidized in accordance with the alumi- 
num content The layer of the mirror pair having a high 
concentration of aluminum is readily oxkJized, reducing 
its electrical conductance. The oxidation in this embodi- 
ment is acconplished by subjecting the exterior walls of 
the mesa-like structure to a nitrogen ambient containing 
water moistura In tills ambient the natural oxidation of 
the aluminum causes high resistance portion 38 witfiin 
tfie mirror pairs adjacent the active region. Alternatively; 
portion 38 of ttie mirror pairs may be removed by etch- 
ing. Selective wet etching is perfonned by using diluted 
HF or diluted HGL The majority of second minor stack 
37 is protected from the etch or oxkJation by dielectiic 
layer 40. Only one or a few mirror pairs adjacent active 
region 32 are susceptible to the etch or oxidation. Th© 
qpti^l mode and threshold cun-ent can be controlled by 
th^egree of undercut or oxidation wittiout adverse 
impact on tfie series resistance. 



Ihe low electrical conductance off portion 38 also 
helps enhance the reliability and lifetime of VCSEL 10 
by allowing undoped second dadding layer 35 to be 
fully depleted, preventing migration of both defects and 
canriers into active layer 34 which causes degradatfon. 
In some specific applicatior js som e miaor pairs may be 
retained below. portion JsJlmplants 42 may optionaDy 
be formed in tiiese remaining pairs of second min-or 
stack 37 to aid in preventing migration of defects and 
earners. It will be understood that portion 38 is still acQa- 
cent to active region 32 even tiiough a few minor paiis 
may intervene. 

• In addition to the depletion of carriers in undoped 
second dadding layer 35 and the optional incorporation 
of implants 42. a monolayer of an indium based alloy 
(e.g. InAIQaP, InAs, etc.), designated 46, can be option- 
ally included m tfie opening defined by portion 38. All of 
the operating current flowing in VCSEL 30 flows through 
ttie opening defined by portion 38 and. thus, any defects 
carried by tfie current must pass through ttie opening. It 
has been found that a mondayer off an indium based 
alloy substantially prevents defects from passing there- 
ttirough. Thus, in applications which justify the addi- 
tional steps of forming a monolayer off indium based 
alloy in or between minor pairs making up the portion 38 
and the opening d^ined tfiereby, ttiis ffeature produces 
additional reduction in defects migrating to the active 
area and. ttierefore, furtiier increases the life of VCSEL 
.30. 

The size of portion 38 which is removed or oxidized 
depends on ttie overall diameti-ic size of the mesa, and 
tiie des ired operating mod e. Preferably, portion 38 is tiie 
diameter of the minor pairs outside the desired optical 
rriode. Thus, the reduced electi-ical conductance of por- 
tion 38 results in a tunneling of the current into the 
active region at the optical mode. To achieve a low 
resistance, the diametric size of the mesa,.fe.flubslan: 
fa!!y jgmer tiHn ttie optioal modfij llhe VCS EL In the 
preferred entxxiiment, the diametric size of ttie mesa is 
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at least I wiae js large jsjbax)pemti»g "^orie 

An electrical contact 43 is formed in contact with at 
least the upper end of second mirror stack 37. Electrical 
contact 43 defines a window 44 for the emission of light 
from V CSEL 30 through second mirror stack 37. A sec- 
ono electrical contact 45 is positioned over the tower 
surface of first minror stack 31. The area of electrical 
contact 43 is increased proportional to the increase in 
the diametric size of the mesa-like structure. Since win-, 
dow 4:4 for the emission of lioht remains the same. 9 en- 
erally coffespondina to the optical mode, the te roetihe 
diametric size of the mesa-like structure, the larger the 
area of contact 43. This gives a much greater area for 
contact without shadowing the emitting light thereby 
reducing series resistance due to ohmic contact. 

Thus, current Injection is controlled, with current, 
IjTje ctedjnto active re gi on 32 in the optical mode , and 
series resistance is greatly reduced due to the large dia- 
metric size of second mirror stack 37 and the corre- 
spondingly large area of contact 43. 

Various changes and modifications to the embodi* 
merits herein chosen for purposes of illustration will 
readily occur to those skilled in the art To the extent that 
SkkA\ modifications and variations do not depart from 
the spirit of the invention, they are intended to be 
included within the scope thereof which is assessed 
only by a fair interpretation of the following claims. 

Having fully described the invention in such clear 
and concise terms as to enable those skilled in the art to 
understand and practice the same, the invention 
claimed is: 

Claims 

1. A high efficiency vertical cavity surface emitting 
laser characterized by: 

first and second mirror stacks (31. 37) with an 
active region (32) sandwiched therebetween 
having an optical mode; 
the second minor stack (37) being formed Into 
a mesa with exposed end surface and having 
outer sidewalls and a diametric size sut)stan- 
tialiy greater than the ootical mode : 
a portion (38) of the second mirror stack (37) 
adjacent the active region (32) having a 
reduced electrical conductance so as to chan- 
, nei operating cunrem from the second mirror 
stack (37) into thejog tical mode of the active 
region (32); and 

an electrical contact (43) at least on the end 
surface of the mesa, the electrical contact (43) 
defining a central light emission window (44). 

'2. A high efficiency vertical cavity surface emitting 
laser as claimed in claim 1 further characterized in 
that the portion (38) of the second mirror stack (37) 
adjacent the active region (32) includes an outer 
periphery of one layer of a mirror pair adjacent the 



active re^n (32). 

3. A high efficiency vertical cavity surface emitting 
laser as claimed in claim 1 further characterized in 

5 that the second mirror stack (37) Includes alternat- 
ing layers of high and low aluminum content 
AIGaAs forming mirror pairs and the portion (38) 
with reduced ^ectrical conductance includes an 
outer periphery of the high aluminum content 

10 AIGaAs layer of the mirror pair acfjacent the active 
region (32). 

4. A high efficiency vertical cavity surface emitting 
laser as claimed In claim 3 further characterized in 

15 that ttie portion (38) with reduced electrical con- 
ductance includes an oxkjized outer periphery of 
the high aluminum content AIGaAs layer adjacent 
the active region (32). 

so 5. A high efficiency vertical cavity surface emitting 
laser as claimed in daim 3 further characterized in 
that the portion (38) with reduced electrical con- 
ductance includes a removed outer periphery of tiie 
high aluminum content AIGaAs layer adjacent the 

25 active region (32). 

6. A high efficiency vertical cavity surface emitting 
laser as daimed in claim 1 further characterized in 
tiiat the diametiic size of the mesa is at least twice 

30 as large as tiie optical nruxie 

7. A high efficiency vertical cavity surface emitting 
laser as claimed in claim 1 further characterized ffi 
that a monolayer of indium based alloy is positioned 

35 in the optical mode of the active region (32). 

8. A method of fabricating a high efficiency vertical 
cavity surface emitting laser characterized by ttie 
steps of: 

40 

forming first and second mirror stacks (31, 37) 
with an active region (32) sandvi^ched therebe- 
tween and having an optical mode; 
forming the second rranor stack (37) into a 

45 mesa with exposed erKJ surface and having 

outer sidewalls and a diametric size substan- 
tially greater than the optical mode; 
reducing tiie elecb-ical conductance of a por- 
tion (38) of the second mirror stack (37) adja- 

50 cent tiie active region (32) so as to channel 

operating current from the second mirror stack 
(37) into the optical nrtode of ttie active region 
(32); and 

forming an electrical contact (43) at least on 
55 the end surface of the mesa, tiie electrical con- 

tact (43) defining a central light emission win- 
dow (44). 

9. A method of fabricating a high efficiency vertical 
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cavity surlace emitting laser as claimed in claim 8 
wherein the step of reducing the electrical conduct- 
ance of a portion (38) of the second mirror stack 
(37) adjacent the active region (32) is further char- 
acterized by reducing the electrical conductance of 5 
an outer periphery of one layer of a mirror pair adja- 
cent the active region (32). 

10. A method of fabricating a high efficiency vertical 
cavity surface emitting laser as claimed in claim 9 10 
wherein the step of forming the second min-or stack 
(37) is further characterized by depositing altemat- 
ing layers of high and low aluminum content 
AIQaAs forming mirror pairs. 
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